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Method for the electrical connection of a conductor with a contact element 

The present invention concerns a method for the electrical connection of an electrical conductor 
to a contact element as well as a plug connector with a conductor and a contact element, wherein 
the connection between conductor and contact element was produced according to the method. 
The present invention in particular concerns a method for the connection of a flat flex conductor 
to a contact element by resistance welding. The invention finds application, for example, in the 
automobile industry, where flat flex conductors are utilized increasingly due to the incorporation 
of additional electrical components, in order to be able to better conduct the increasingly larger 
current fluxes over a larger cross section of the conductor. The invention can be utilized in all 
types of conductors, in particular flat flex conductors, which have been produced, for example, in 
laminated, printed, etched or extruded manner. 

For connecting a plug connector or contact element to a conductor, various contacting techniques 
are known, such as crimp contactings, material-fitted contactings or clamp contactings. In the 
case of material-fitted contactings, the connection can be produced, for example, by soldering, 
adhering or welding, wherein welding methods provide better mechanical and electrical 
properties for the contacting sites than does soldering or adhering. When welding the conductive 
track to the contact element of a plug connector, the welding can be produced by resistance 
welding, laser welding or ultrasound welding. In the present field of plug contacts, resistance 
welding finds a broad application since it can be conducted simply and rapidly as well as in a 
cost-effective manner. 

It was previously necessary, however, prior to the welding process, to strip the insulation from 
the electrical conductor at the end on which it is connected to the contact element. This step of 
stripping the insulation complicates the production process and makes it expensive, which is a 
particular disadvantage for the cost-sensitive automobile field. 
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The object of the present invention is thus the provision of a rapid connection that is simple to 
conduct, cost-effective, and which can be maintained both mechanically and electrically. 

This object is solved according to the invention by a method according to patent claim 1. 

According to the invention, the following steps are conducted when connecting an electrical 
conductor to a contact element: 

To begin with, the electrical conductor that is ensheathed with insulation is introduced between 
two legs of the contact element. Then the welding device is applied to the two legs and the 
welding process is conducted, whereby the welding current is turned on. The insulation of the 
electrical conductor is broken down by the welding current and the heat introduced thereby 
during the welding process, which leads to a solid mechanical and electrical connection of the 
conductor with the contact element. 

A stripping of the insulation of the electrical conductor prior to the welding process is no longer 
necessary due to the method according to the invention. The electrical conductor, in a state in 
which the insulation is not stripped, can be simply inserted between the legs of the contact 
element. In this way, the welding process can be considerably shortened, which considerably 
reduces the cost of production of plug connector components. 

In a preferred embodiment, the welding process is conducted by resistance welding, wherein the 
heat introduced is produced by the current flowing in the welding process and the ohmic 
resistance of the conductor. The method according to the invention, however, is not limited to 
resistance welding; other fusion welding methods such as electrical arc welding or gas welding 
or also other pressure welding methods can be applied. 

At the beginning of the method according to the invention, for example, in a resistance welding, 
the current flows out over the two legs of the contact element, i.e., from the anode over one leg, 
then to the other leg over the cathode. The current does not yet flow over the conductor provided 
with insulation to the cathode. Since the introduced heat is very high and the current always 
seeks the shortest path, the insulation lying between the legs of the contact element, which [legs] 
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guide the current, begins to melt, so that the current then flows directly from the anode to the 
first leg, then the electrical conductor to the second leg to the cathode. In this way, however, a 
welding current generally arises, and this current must flow first over the two legs and the point 
where the two legs are connected to one another via a "bypass". 

Preferably, in the welding process, the welding device is applied to the outer sides of the two 
legs lying opposite the conductor. 

Preferably, one welding stamp of the welding device is applied to one outer side of the contact 
element, so that the two welding stamps sandwich the two legs of the contact element and the 
electrical conductor introduced therein. 

In a preferred embodiment, the contact element is additionally connected to a plug connector, 
which can be connected to a complementary plug connector, for futher guiding the current path 
of the electrical conductor. 

Preferably, the electrical conductor is a flat flex conductor, which is produced, for example, by 
laminating, printing, etching or extruding. The method according to the invention, however, is 
not limited to the connection of flat flex conductors with contact elements. The electrical 
conductor can have any shape. 

Preferably, the contact element is bent in S shape, whereby the conductor is inserted into one of 
the two openings of the S. Likewise, the contact element can also be C-shaped, whereby the 
conductor is then inserted into the C-shaped opening. The contact element, however, can also be 
laterally clipped onto the conductor. It is advantageous for the embodiment of the invention only 
that the electrical conductor is enclosed by the contact element on two sides which are joined 
together. A U-shaped formation of the contact element is also possible. 

The invention likewise concerns a plug connector, which has a contact element and an electrical 
conductor connected to the contact element, wherein the connection between contact element 
and electrical conductor was produced according to the method described above. 
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In order to better understand the invention, it is described in more detail below, with reference to 
the appended schematic drawings. Here: 

Fig. 1 shows a schematic structure for conducting the method according to the invention, 

Fig. 2 shows the connection between wire diameter and resistance to break for different types of 
welds, 

Fig. 3 shows an example of a flat conductor strip for connecting to several contact elements, 

Figs. 4a-4c show different embodiments of the connection of the electrical conductor with the 
contact element, 

Fig. 5 shows another embodiment of the contact element, and 

Fig. 6 shows a plug connector, in which the connection between conductor and contact element 
was produced according to the method of the invention. 

Fig. 7 shows the contact element shown in Fig. 5 with a housing. 

In Fig. 1, a schematic structure is shown for conducting the method according to the invention. 
An electrical contact element 1 is shown with two legs 2 and 3, and an electrical conductor 4 is 
taken up between these legs. The electrical conductor 4 is here introduced into the slot between 
the two legs 2 and 3 with the conducting core 5, which is comprised of copper, for example, and 
insulation 6. Welding stamps 7, 8 in the form of an anode and a cathode of a welding device, 
which is not shown in further detail, are applied to the outer sides of the two legs 2, 3, for 
conducting the welding process. In the beginning, the welding current cannot flow from welding 
stamp 7 over leg 2 and conductor 5 to welding stamp 8, since an open circuit is present. In the 
beginning, the current in the welding process flows from welding stamp 7 over leg 2 to 
connection point 9 of the two legs and over the other leg 3 to the welding stamp 8, as it is shown 
by arrow A. The currents flowing in the welding process heat the contact element at points so 
very much that the insulation provided between the legs is disrupted, so that now the legs 
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directly contact the conductor 5 5 so that a current flow is possible directly from welding stamp 7 
over the conductor 5 to welding stamp 8 without the bypass via the connection point 9 (arrow B). 
In this way, a solid mechanical welded joint is produced between contact element 1 and the 
electrical conductor 4, without the need to first remove the insulation 6 at the level of legs 2, 3 of 
the contact element. 

Fig. 2 plots the mechanical strength of the welded joint vs. the cross section of the conductor. In 
a theoretical conductor, the force, which is necessary to again detach the welded joint, increases 
proportionally with the wire diameter. As results additionally from the measurement curves 
produced by the applicant, the resistance to break in the case of a resistance welding is slightly 
better than, for example, in the case of a laser welding, so that it can be concluded in summary 
that a more solid mechanical connection can be achieved by resistance welding than with laser 
welding. 

An excerpt of a circuit board 10 with its conductive tracks 22, which are provided with an 
insulation 6, is shown in Fig. 3. In addition, several contact elements 1 are disposed in order to 
connect, for example, the conductive tracks with plug connectors (not shown). In the example of 
embodiment shown, on its end that takes up the electrical conductor, the contact element 1 is 
equipped with three legs, the upper leg 2 and two lower legs 3. In the embodiment shown, the 
circuit board 10, for example, can be introduced to the welding device, and the latter conducts 
the welding method according to the invention at each contact element 1 . 

Several plug connectors 1 1 are shown in Fig. 4a, and these were plugged onto contact element 1 
after the welding process had been completed, whereby contact element 1, as shown in Fig. 3, is 
C-shaped. In Fig. 4b, it is shown how the electrical conductor 4 is inserted between the two legs 
2, 3 of contact element 1 . In this case, the contact element is bent in C-shape. In addition, the 
depression 12 can be recognized in the form of a welding site, on which the welding process 
according to the invention was conducted. The contact element is bent in S shape in Fig. 4c, 
whereby the electrical conductor 4 was inserted into the upper opening of the S shape and then 
was welded. 
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The contact element 1 , which is soldered to the conductive track at one end, is provided on its 
other end with the plug connector 1 1, which is shaped like a bushing in the embodiment shown. 

The plug connector 1 1 has clips 25, which are bent inwardly, on its back end, on which can be 
attached, among other things, conductor elements of a mating plug connector. The plug 
connector has an insulating housing 26, which has a raised side wall 27 for encoding and a 
locking leg 28, which extends obliquely upward, spring-loaded by a bridge 29 counter to the 
direction of introduction, with which the plug connector 1 1 can be attached in an uptake (not 
shown). 

In Fig. 4d is shown another embodiment according to the invention, wherein the contact element 
1 is comprised of two plates 14, 15 connected via crosspieces 13, which were folded laterally 
over the electrical conductor 4. 

Fig. 5 shows another embodiment of contact element 1, wherein the two legs are formed on the 
upper side and the lower side, respectively, of a housing 30. The two legs 2, 3 and the front 
section of housing 30 provide for the U-shaped formation of contact element 1. Housing 30 is 
closed on all four sides. Sides 3 1 and 32 of the housing 30 may also extend further in the 
direction of legs 2 and 3, so that legs 2, 3 would be enclosed on four sides on their end turned 
toward the housing 30, whereby the stiffness of legs 2, 3 would be increased. The contact 
element shown in Figure 5 is likewise surrounded by the housing 26 shown in Figs. 4a and 4b. 

Fig. 6 shows a plug connector 16, which has the contact element 1 shown in Fig. 4c. The plug 
connector 16 has a housing 17 of insulating material, which has a locking element 18 on the front 
end. The individual conductive tracks 22 are introduced into the plug connector from behind, 
whereby a strain relief slide 19 is provided for the broad conductor strip. The conductive tracks 
end in the opening between the two legs 2 and 3 of contact element 1, here formed in S shape, 
which has on its front end a conventional contact bushing for the uptake of a contact pin (not 
shown). 
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Fig. 7 shows the U-shaped contact element shown in Fig. 5, wherein the end lying opposite the 
legs 2, 3 is provided with the housing 26. The housing has a crosspiece 33 behind the locking leg 
28. Behind this crosspiece are connected the clips 25 which are bent around toward the inside, 
and which are bent around the the side walls 31, 32 of housing 30 extended toward the front, in 
order to affix the housing 26 to the contact element. 

In summary, it can be established that a good electrical connection between an electrical 
conductor and a contact element can be achieved by the method according to the invention in a 
simple and rapid manner, with a welding method. 
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